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ABSTRACT

This paper examines from a critical perspec-
tive conventional economic analysis which
utilizes the discounted present value cri-
terion. It is foun? that this technique has

a number of limiting characteristice which
contribute to the lack of general vusage of
economic analysis for evuluating passive solar
installations. Within this context we suggest
an alternative approach for determining the
vcenomic desirability of such investments,
This latter method, compound future worth
analysis, is found to be both more under-
stundable and flexible.

1. INTRODUCTION

Conventional economic analysis of energy con-
scrving capital investments is usually based
upon cash flow analysis: that is, the yearly
cash flows asrociated with charges due to and
savings derived from a particular investment.
The discounted present value (DPV) technique
is used to convert non-uniform net cash flows
into a net present value which reduces the
Jifetime stream of the benefit-cost differen-
tial to a lump sum dollar amount expressed

in this year's dollars. The net present val-
uves of alternative solar investments are then
compared, and particular solar systems are
often sized to insure the largest possible
nel present value over the assumed system
t1ife or ownership period. Oftentime, the net
prescnt vlaue criteria conflicts with other
objectives, including favorable payback per-
iods, comfort considerations, etc. Notwith-
standing these problems, the DPV technique
has other limitations that have not been
adaressed or recognized by the solar commu-
nity.

(a) DPV analysis defies intuitive iogic
because it effectively moves events hack into
tire, whercas the natural order is for time
to move forward.

(b} Most individuals have expectations
* Work performed under the auspices of the De-
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concerning future events, and as time
passes their behavior often changes in
response to changing conditions. DPV
analysis imposes a structure upon the
dynamics of future behavior, .and as such,
does not account for the trué disposition
of cash flows over time.

_ (c) As dollar savings are realized
due to lower energy usage, the savings in
reality are not treated as separable in
personal consumption (goods and/or ser-
vices) or personal savings. DPV analy-
sis cannot easily allow for the separa-
tion of these income allocations which
carry different valuation weights for
each individual.

(d) Common experience shows that
the concept of discounting is difficult
to grasp by most design professionals.
This is not meant to imply that the de-
sign conmunity cannot understand the
principles; rather, it points to the
need for an alternative approach that 1s
perhaps more understandable and not sub-
ject to the above drawbacks.

In this paper we suggest the use of com-
pound future worth (CFW) analysis for
evaluating alternative investments. The-
oretically, CFW analysis gives the same
results as would DPV analysis, but the
value of realized dollar "savings" is
projected into the future; that is, the
CFW technique indicates the investment
value at the end of the period, as
opposed to the beginning of the period.
By using this approach "savings" can be
treated as spent inmediately of rein-
vested for withdrawal at a future period
in time, both of which have secondary
energy use and economic impacts.

The paper is structured as follows. In

the next section we develop the relation-
ship batweer DP/ and CFW, Section 3 out-
lines a particular empirical example. In
Seclion 4 comparative results which deron-
strate the inherent flexibility of the CFW
approach are prescnted, Concluding remarks
are offered in the final section.



2. DECISTION CRITERI

The mathematical statement of the DPV deci-
sion rule for any investment using end of
year accounting is t

I 1
OPV = tEINCFt (1i7)

where: i
NCFt = net cash flow or in-
vestment returns minus
cash outlays in year L

r = rate of discount or
interest

T = period of financial
analysis,

Alternatively, the CFW rule is represented as
T T-t
CFW = I NCF, ~[14r )
t=1 .
4

Theretore, the relationship between these de-
cision criteria is

DAY - (14r)7 = CFW.
Since (1+r)T is a constant for a specified per-
iud of analysis then CFW is a constant multiple
of DPV; hence, the relative ranking of invest-
ments (alternative investments or different
sizes of the same investment) will be identi-
cal under either decision rule. To this date,
the solar community has shown a penchant for
using DPV calculations to the exclusinn of the
CFW approach although, as was indicaled in the
inlronduction, DPY possesses many undesirable
properties. The following sections will
demonstrate that the CFW approach is both more
flexible and manageable in its ability to in-
corporate various behavioral and political
changzs in the dynamic structure.

3. SPECIFICATION OF EYAMPLE

The specific passive solar investment under
consideration is a hybrid design -- 607 double
glazed 12" water wall combined with 40% double
glazed direct gain -- with R-4 night insula-
tion located in Dodge City, Kansas (5,046
heating degree days?. The heat loss factor
for the refcrence home is assumed to be

7470 Btu/DD. The performance characteristics
of the system as defined by,required load-
collector ratios (Btu/DD-ft"g) and collector
arcas for specified solar hesting fractiuns
are listed in Table 1 [1].

Table 1. Perfurmance Characteristicy
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The relative economic viability of a par-

ticular pas-ive design is highly dependent

upon the set of financial parameters uti-
lized in the snalysis,
sue fs not pursucd here; rather, we con-
centrate on the relationship between CFW
and DPV for a stipulated set of parameters,
Trhese are specified in Table 2.
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4. COMPARATIVE MWALYSIS
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Tue comparative analysis is limited to an
c. amination of only one passive solar in-

ve _tment.,

Within this context, ontimally

siZing the system remains the relevant

consideration.

In Table

3, DPV and CFW

calculations are presented by soiar frac-

tion in 10%

increments,

As is illustrated

each decision rule yields the resu.t that
the hybrid passive design shou'” 2 em-
ployed to satisy 50% of the rusidence's
heating requirements. A
both net present value and compcund fu-

ture worth are mazimized.

t this fraction

This confirms

the mathematical result of consistency
between the decision rules obtained above.
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In addition, it has been well established
that DPV, and therefore optimal solar

fraction, is quite sensitive to the pre-
vailing discount rate.

case for CFW calculations.

This is also the
For example,
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a compounding rate of .02 corresponds to an
optimal solar fraction of .6, whereas if &

.2 compounding rate is used a 40% solar frac-
tion is ontimal., A high compound interest
rate implies that the passive solar investor
has alternative investment opportunities

which yield high returns, Thus, solar feasi-
bili*y is diminithed as would be the case with
2 hig. discount rate in DPY analysis. An al-
ternstive example would be low interest loans
for pansive solar installations. In this
cace, paneive would have 3 relatively high
return due to its low interest cost and there-
fure solar feasibility would be heightened,

brivate rcirvestment behavior is usually in-
revpurated into the DPV calcualtion as a para-
ra-ter which remains fixed over time. But the
individugl mey have investrent options asso-
cieted with positive net cash flows (savings
minus conts) which yield differential returns
over different time spans, for instance, re-
decing wne's hore martgeae (implying a return
eoual Lo lie nortgage rate:, investing in com-
el wionk, hondn, real eolele, or other intler-
ot rarning aesets, both ligquid (savings
arrcunty, wovirnment bonds, gold) erd i11i-
quid (artwork, jewelry), arc all cpportunitices
thizl mey be aveilable to the private investor,
How one wispenses with the pesitive cash flows
will drpact both the value and the frasibility
9f rasnive solar energy.  The differontial re-
turns and Uine prriods are casily incorporated
it tho ([d ¢pproach but the DPY formala be-
sumes guite unianageable as the variations

inmrease,

inoorder tn deiorstrate the impact of private
iro uteent Lebavior on solar {easibility con-
sider the followinn,  The individual mey de-
idi- to invest 211 the positive net cesh flows
ir. rasrhnok navings as a rete of 7%, However,
e pegetive net cash flows may be paid for
sartly (arsume 507) oul of savings {implying
o interest lows of 79 annually) and partly
y reducing corsumptiun eapenditures {imply-
ing a Tows of 0w in this example)., hote that
y sero roturn associated with consumdtion ex-
wnditures is merely illustrative, In this
inytance, Lhe oplimal solar fraction increases
.0 .7 in the Uudae City exemple. Cunversely,
if the opposite behavior is assuned -- negelive
ach flows are taken entively out of savings
ind positive cash flows are only partly (50%)
‘nvested at 7% - then the optimal fraclion
‘alls to .3. The irpurtence of this example
¢ 10 thow that if individuals apply differ-
ntial rates of return to the various como-
wnts of cash flows then solar feasibility will
e allered,

‘npther set of changes which are difficult to
ncorporate into the OPV struclure is mid-
,lream political or social moveiznts which
ffect investment behavior. Individuals

iave expectations concerning future events,
.any related to impending political or eocial
‘hanges. For instance, the investor may ex-

expect that changes in federal monetary
or fiscal policy may alter investment
opportunities. Consider the case of a
decline in inflation five ycars hence
which is assumed to result in a reduction

An the compounding rate from .12 to .07,
“ Positive net cash flows which correspond

to the later years are then subject to a
Yower rate of return. In the Dodge City
example this expectation recults in a
40% optimal solar fraction, a decline of
10% from the initial example case.

A final advantage of the CFW approach is
its ability to provide information on
secondary energy use patterns, That is,
positive net cash flows associated with

a solar investment may be invested or
consumed. If energy intensive comnodities
are consumed then total energy savings
associated with the initial solar invest-
ment may be reduced. This could result
c¢ither from a change in one's entire con-
cumplion set (i.e., a particular income
threshold is passed which allows Lhe pur-
chase of an alternative life style) or
increased consumption of the existing
cemnodity set.  Secondary cnergy impact
analysis can be easily handled in Lhe

CFW structure and is the subject of
conlinuing reqrarch,

5. CONCLUDING REMARKS

This paper began with the premise that
existling economic analysis of passive
solar investments has a nutber of limi-
tetions., These drawbacks have con-
strained the use of economic analysis in
decisions concerning solar energy appli-
cations, In an attempt to increase tne
use 2f economics in solar investment
decisions we have suqgested the compound
future worth approach as a replacement
for discounted present value analysis.
CFW is the more netural mcthodology since
movement is forward rather than bachkward,
Further, the CFW approach has 2 generaiity
and flexibility not inherent in the DPV
approach., This is evidenced by consider-
ation of investment return differentials,
private invesiument behavior, politically
or socially induced changes, ané secon-
dary energy impact analysis.
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